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TRANSONIC AERODYNAMIC CHARACTERISTICS OF A 1/15-SCALE 
MODEL OF THE CONVAIR B-58 AIRPLANE 
By John M. Swihart 


SIMMARY 


An investigation of a l/l5-scale model of the Convair B-58 airplane 
weapons system has been conducted in the Langley l6-foot transonic tun- 
nel. The Convair B-58 airplane has been designed for a long-range sub- 
sonic cruise and a svipersonic dash. The principles of the area rule were 
applied in the design. 

The Mach number range of the investigation was from O.8O to 1.12 

the Reynolds number range was from $.Q x 10^ to 10.4 x 10^ based on the 
wing mean aerodynamic chord. The angle -of -attack range was generally from 
about -5° to 5° aiid the elevens were not deflected for this investigation. 

The results of the investigation indicate that the complete model 
(airplane pl\is missile) has a minimum dra^ coefficient of 0.014 at a 
Mach nimiber of O.9O and a transonic rise in drag coefficient of 0.014. 

The return configuration (airframe only) has a minimimi drag coefficient 
of 0.012 at a Mach number of O.9O and a transonic rise in drag coeffi- 
cient of 0.013- It was found that the complete -model drag coefficient 
was almost exactly the sum of the return configiiration and the pod-alone 
drag coefficients - an outstanding result of the application of the area- 
rule principles. Comparison of a l/l5-scale free-f light model and the 
present data indicated excellent agreement. The maximum lift-drag ratio 
at a Mach niimber of 0. 80 was 11.0 for the return configuration and 10.3 
for the complete model. In the low supersonic range, the maximum lift- 
drag ratio was 7.I for the return configuration and 6.1 for the complete 
model. 

The aerodynamic-center shift between the subsonic and the low super- 
sonic range was from 32.5 to 44.5 percent of the mean aerodynamic chord 
for the complete model and from 33*5 "to 43-5 percent of the mean aero- 
dynamic chord for the return configuration. 
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INTRODUCTION 


The National. Advisory Committee for Aeronautics has carried out 
extensive research on various models of the Convair B-^8 airplane. Ref- 
erence 1 reported investigations of the original two-engine version and 
on fo\ir models of the advanced four -engine versions. The four-engine 
versions were designed according to the principles of the transonic area 
riiLe (ref. 2 ). Several models have been tested by the Langley Pilotless 
Aircraft Research Division. (See refs. 3 to 6.) Pressiire distributions 
on the wing with and without nacelles at supersonic speeds have been 
obtained at the Ames Laboratory and are reported in reference J. 

The Convair B-58 airplane is a delta-wing bomber-type airplane weap- 
ons system designed for a long-range subsonic cruise and a supersonic 
dash. There are two parts in the airplane weapons system. An airplane 
with four pylon-mounted single-engine nacelles, a 4 -percent-thick delta 
wing, and a sweptback verticeil tail is designated the return configura- 
tion. The complete aircraft is the return configuration with an air-to- 
surface missile mounted on a pylon beneath the fuselage. The Convair 
B-58 model is very similar to the Convair MX -1964 model with split nacelles 
(ref. 1 ) except that both nacelles of the B-58 model were momted on a 
pylon on the undersurface of the wing. The foiar-engine models of ref- 
erence 1 were designed according to the principles of the transonic area 
rule, but the return configuration of the B-58 has been designed to an 
area distribution for a Mach nvimber of 2.0 in a manner similar to that 
described in reference 8. It should be noted that the Convair B-58 model 
retains split nacelles, although reference 1 indicated a lower trim drag 
for two twin-engine nacelles. Ifeipublished data from Ames Laboratory 
showed very poor directional stability at supersonic speeds for the twin- 
engine nacelles and acceptable stability for the split nacelles raoiaited 
on the lower sxjrface of the wing. For these reasons particularly, the 
under slung split nacelles were retained on the Convair B-58 model. 

The present investigation at the Langley l6-foot transonic tunnel 
was made to determine the minimum drag and the drag at cruising lift coef- 
ficient of a l/15-scale model of the Convair B-58 airplane. The investi- 
gation was conducted at the request of the Ikiited States Air Force. The 
Mach number range of the investigation was from O.8O to 1.12 with corre- 
sponding Reynolds numbers based on wing mean aerodynamic chord from 
9.8 X 10 ^ to 10.4 X 10 ^. The angle-of-attack range was generally from 
about -5° to 5 °. The elevens were undeflected for this investigation. 
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SYMBOLS 


A 

B 

b 

Cdj 

CFj 


cross-sectional area of nacelle 
base area of nacelle or fuselage 
wing span 


external drag coefficient, 


D 


- Cpj 


balance -measured drag coefficient 


base-force coefficient, 


S 


nacelle internal-force coefficient. 


”^(^o ~ ^e) ~ 

qoS 


Cl 


lift coefficient, 

QoS 


Cm 


C 


P 


c 


I 


D 

L 

I 


Mo. 55c' 

M 


m 


pitching -moment coefficient. 


Mq.5^c' 

QoSc' 


pressure coefficient, 


^local ~ ^o 

% 


mean aerodynamic chord 

external drag 

lift 

model length 

pitching moment about 0.55c' 


Mach number 
mass flow 
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m 

P 

q 

R 

s 

V 

X 

a 


point mass-flow ratio, 


PE^E 

Po^o 


static pressirre 
dynamic pressure 
Reynolds number 
wing area 
velocity 

distance to rear of nose of fuselage 

model angle of attack measured from fuselage reference line 
(fuselage reference line is in parting plane between return 
configiiration and pod pylon) 

mass density 


Slope parameters 




lift-curve slope, 1- — I 

\da J^qO 


(dCra \ 


pitching-moment-curve slope 


Subscripts : 
B 
E 
I 

max 


base 

nacelle exit station 

internal 

maximum 


o 


free stream 


5 


NACA RM SL56J22 


# • » • • • 


« • • • • 


• • • • • • • 





MODEL DESCRIPTION 


The model consisted of a fuselage, wing, nacelles, vertical tail, 
aind a removable store or missile called the pod. A sketch of the model 
with the pod attached is shown in figure 1 and table I gives the model 
physical characteristics and dimensions. The model was constructed of 
magnesium castings and polished to a high aerodynamic cleanness. The 
delta wing had a leading-edge sweep of 60 °, a trailing-edge sweep of -10°, 
an angle of incidence to the fuselage reference line of 5°, and NACA 
0004 . 08-63 airfoil sections parallel to the plane of symmetry. The wing 
was conically cambered according to a method outlined in references 9 
and 10, and the exact details of the conical camber for the wing were 
given in reference 1. 

Movable elevens were built into the wing trailing edge but were 
positioned at 0° deflection for this investigation. The eleven area for 
the Convair B -58 model has been decreased from that of the Convair MX-1964 
model of reference 1. (See fig. 1.) Landing-gear fairings were cast on 
the wing upper and lower surfaces as shown on figure 1. 

Two pylon-momted nacelles were attached to the mder surface of each 
wing at the 0.43b/2 and 0.76b/2 stations. (See figs. 2 and 3-) The 
inboard nacelle thrust center line was inclined -2° to the wing chord 
plane (fig. 2) and the outboard nacelle was inclined -4° to the wing chord 
plane (fig. 5)* The nacelle external and internal geometry is shown in 
figure 4. The nacelle spikes were positioned to duplicate the inlet con- 
ditions for cruise at a Mach mamber of 0.90 and the nacelle spike geometry 
is shown in figure 5* 

The vertical tail had a leading-edge sweepback of ^ 2 °, an aspect 
ratio of 1.32, and a taper ratio of O. 32 . It had considerably more area 
than the Convair MX-1964 tail of reference 1. 

The pod was attached to the undersurface of the fuselage with a short 
pylon. Pod aerodynamic surfaces were a wing, canard, and ventral fin; 
the wing and canard had the same aspect ratio, taper ratio, and plan form 
as the main wing. The full-scale air-to- surface missile has a vertical 
fin which is folded into the pod-support pylon \mtil after pod separation. 


TESTS 


The operational and flow characteristics of the Laingley l6-foot 
transonic tunnel are reported in reference 11. 
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Force data were obtained on the complete model and the return con- 
figuration over a Mach mmiber range from 0.80 to 1.12. The angle-of- 
attack range was from about -5° to 5° the average Reynolds number 
based on the wing mean aerodynamic chord was 10.1 x 10°. All force data 
were obtained with free transition on the model and both the complete 
model and the return configuration were tested only at an elevon deflec- 
tion of 0°. Separate rims where no force data were taken were made with 
the complete model and the return configuration to obtain pressure data 
in the nacelles since the pressure tubing was carried externally from 
the nacelles to the fuselage along the upper surface of the wing near 
the trailing edge. 


METHODS 


Instrumentation 

Forces and moments were measured on an internal six-component balance 
supported by the tunnel-sting-support system. Fuselage base-pressure 
forces, nacelle base-pressure forces, and nacelle internal forces were 
determined from the pressure measurements. Internal pressures were meas- 
ured near the exits of the inboard and outboard nacelles. Choked flow 
was obtained in the nacelles at Mach numbers above O. 96 . 


Data Reduction 

All force data were obtained on continuous -operation strip charts 
and the pressure measurements were recorded photographically. Automatic 
computing machines were used to reduce the forces and moments to coef- 
ficient form after the readings were obtained from the strip charts. 
Automatic film readers and computers were used to reduce the pressure 
data to fuselage and nacelle base-pressure forces and nacelle internal 
forces. All force data presented in this report have been adjusted for 
base-pressure forces and nacelle internal forces. 

Fuselage and nacelle base-force coefficients for the complete model 
and the return configuration are shown in figure 6. There was only a 
very small variation of the fuselage base -force coefficient with angle of 
attack or Mach number for either the complete model or the return con- 
figuration. There was considerable variation for the nacelle base-force 
coefficients with angle of attack and Mach number and the inboard and 
outboard nacelle variations generally had opposite trends. Nacelle 
internal- force coefficients are shown in figure 7 "the complete model 
and the return configuration. The nacelle internal-force coefficients 
for the inboard and outboard nacelles are practically identical and of 
small magnitude. The values are lower than those of reference 1 for the 
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Convair MX-I964 model, probably a resiilt of shifting the spike position 
and of slight changes to the internal contour. The point mass-flow 
ratio m* has not been presented but it remained close to 90 percent 
for all Mach numbers and angles of attack. 

No correction has been made for sting tares. The sting was cylin- 
drical for more than two diameters to the rear of the fuselage base and 
it is known that sting effects are minimized with this arrangement. The 
angle of attack has been corrected for sting and balance deflection and 
for a tunnel upflow angularity of 0.4° that did not vary with Mach number. 

In reference 1 the cross plots of drag coefficient against Mach num- 
ber were faired low in the Mach nmber range from 1.00 to I.06 because 
of tunnel- wall reflected disturbances. No adjustments have been made to 
the present data because points were obtained at a Mach number of 1.12 
and it is estimated that the model was free from tunnel boundary-reflected 
disturbances at this Mach number. 


Accuracy 

The values presented in the following table indicate the estimated 
errors of the data in this paper. 

Cl +0.01 

Co +0.001 

Cjn ............................... iO.OO^ 

M +0.005 

a, deg +0.1 

Cp +0.005 


A very few errors larger than this estimated accuracy are shown in the 
basic data and no explanation of why these errors appeared can be given; 
they were ignored in the fairing of the data. 

The complete model was tested; the return configuration was tested; 
and then the complete model was retested. During these last tests the 
chord-force strain gage failed; the repeated test data are shown up to 
the point of failure. 


RESULTS AND DISCUSSION 

The basic aerodynamic characteristics (a, Cj)> ani Cm against Cl) 
are presented in figures 8 and 9 for the complete model and the retxirn 
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configuration. The nondimens ional cross-sectional area diagrams for the 
complete model of the B -58 and the MX-1961*^ split-nacelle model of ref- 
erence 1 are compared in figure 10. The drag characteristics of the 
complete model and the return configuration of the B -58 are compared with 
the MX - 1964 split-nacelle model of reference 1 in figiore 11. 

Drag characteristics .- The purpose of the present investigation was 
to determine the minimum drag coefficient and the drag at cruising lift 
coefficient of a l/l5-scale model of the B- 58 . Figure 11 shows the vari- 
ation with Mach number of minimimi drag coefficient, maximum lift-drag 
ratio, and lift coefficient for (L/D)mg^. The data for the complete 

model are compared with the data for the Convair MX-1964 cambered-wing 
split-nacelle model of reference 1 and with the return configuration. 

The variation of the minimum drag coefficient with Mach number shows 
that the complete model of the B -58 and the MX-I 964 have almost exactly 
the same minimum-drag-coefficient level ( 0.014) and transonic drag rise 
( 0 . 015 ) up to a Mach nimiber of 1.05 (test limit of ref. 1). The tran- 
sonic drag rise for the complete model of the B -58 is 0.014 from a Mach 
mmiber of 0.90 to 1.12. The complete model has a slightly higher drag- 
coefficient level than the MX-I 964 model at a Mach number of O .90 but 
had the same level at a Mach nijmber of I. 05 . Inspection of the area 
diagrams shown in figure 10 might indicate a slightly lower level for 
the B -58 model, since it has a lower total nondimens ional area; however, 
the B -58 model was slightly longer than the MX-I 964 model so that the 
maximiim value of a/ 1^ was reduced, and the MX-1964 model actixally had 
the lower total cross-sectional area in square feet. The area diagrams 
indicate very similar forebodies for the two models and only slightly 
different afterbody slopes; except for other small differences, it might 
be expected that they woiild have about the same transonic drag rise. 

The minimum drag coefficient for the return configuration is compared 
with the complete model in figinre 11. The return configiiration has a 
minimum drag coefficient of 0.012 at a Mach number of 0.90 and about O.O 25 
at a Mach number of 1.12. Pod-alone data from reference 12 converted to 
l/ 15 -scale model drag coefficients are also shown in figure 11. The dif- 
ference in model drag coefficient due to the Reynolds nmber differences 
between the pod model of reference 12 and the present model would be 
about 0.0002 based on wing area. With such a small difference in pod 
drag coefficient due to Reynolds nimiber, it is interesting to compare 
the complete model, the return configuration, and the return plus the 
pod minimum drag coefficients. The return configirration was designed 
for a Mach number of 2.0 and it would not be expected to be optimum at 
a Mach number of 1.0. Adding the pod to the retxirn configuration gives 
a Mach number of 1.0 area distribution with the remarkable resiiit that 
the pod-alone drag coefficient plus the return configuration drag coef- 
ficient very nearly equals the complete model drag coefficient at each 
Mach number. This is certainly an outstanding application of the area- 
rule principle. 
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Reference 6 presents dra^-coefficient data at model trim lift for 
a l/15-scale free-flight model of the B-58 ^ comparison of that data 

with the data of this paper. Figure 12 shows this comparison and is pre- 
sented to show the excellent agreement that can be obtained between tran- 
sonic wind-tunnel test data and free-flight data when practically identical 
models are operated at similar Reynolds n\ambers. 

The variation of lift coefficient for (L/D)jiiax H) indicates 

that the complete model and the return configuration both attain (L/E))max 
at Cl = 0.25 at a Mach number of O.9O, which is the design lift coef- 
ficient for the subsonic cruise. The variation over the Mach number range 
is similar to that for the MX- 1964* model. It should be noted that the 
conically cambered wing used on the B-58 model and the MX-I964 model has 
been designed for an elliptical spanwise loading at a lift coefficient 
of 0.22 at a Mach number of l.i^-14. 

The value of (L/E^)max about 11 for the return configuration 

and about 10.5 for both the complete model of the B-58 and the MX-1964 
model at a Mach number of O.8O. The B-58 complete model has a slightly 
lower (L/D)max than the MX-196^ at a Mach number of 0.90^ probably the 

result of a slightly higher minimum Cp, but the variation over the Mach 

number range is very similar. In the low supersonic range, the maximum 
lift-drag ratio is 6.1 for the complete -model configuration and 7*1 for 
the return configuration. 

When the data of this report are used for performance calculations, 
the effects of increased Reynolds number and operation of the turbojet 
engines on the nacelle afterbody and base pressures should be considered. 
Reference 1 showed that the drag due to lift for this wing was about the 
theoretical value at a Mach number of O.9O; thus, the drag due to lift 
could hardly be reduced by increasing the Reynolds nmber. Therefore, 
any increase in (l/d)jj^o^ at full-scale Reynolds number would be almost 

entirely the result of lower values of skin- friction drag. 

The results of reference 13 indicate that the afterbody and base 
pressures for a highly boattailed nacelle will be lower than free -stream 
static pressure when the turbojet engine is operating. It should be 
expected that the B-58 airplane drag coefficients will be higher and the 
lift-drag ratios smaller than these model test results where the nacelle 
base pressiires have been adjusted to the condition of free-stream static 
pressure. 

Lift -curve slope . - Figure I5 shows the effect of Mach number on the 
lift-curve slope for the complete model and the return configuration. 

The lift-curve slope for the complete model varies from O.060 to about 
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0.07^ from a Mach number of O.8O to a Mach nvimber of 1.00 and then 
decreases to about O.065 at a Mach number of 1.12. The lift-curve slope 
of the return configuration varies in a similar manner over the Mach num- 
ber range but has a higher slope at a Mach number of 1.12. This result 
would probably be expected because of a reduction in wave interference 
when the pod is removed. 

Longitudinal stability parameter .- For tailless configurations where 
flap deflection causes an equal displacement of the pitching-moment cvirve 
at each lift coefficient, the aerodynamic center and the neutral point 
are synonymous. Figure 13 shows the variation of the longitudinal sta- 
bility parameter dCm/dCL or aerodynamic center with Mach nimiber for the 

complete model and the return configuration. The data indicate that the 
aerodynamic center or neutral point varies from about 32.5 to 44.5 per- 
cent of c* for the complete model and from 33*5 "to 43*5 percent of c' 
for the return configuration over the Mach number range of the investi- 
gation. The reason for the larger travel on the complete model is prob- 
ably the result of the center-of -pressure movement on the pod. 


SUMMATOT OF RESULTS 


An investigation of a l/l5-scale model of the Convair B-58 airplane 
has been made in the Langley l6-foot transonic tunnel over a Mach number 
range from O.8O to 1.12. 

The complete model had a subsonic minimum drag coefficient of 0.014 
and a transonic rise in minimum drag coefficient of 0.014. The return 
configuration had a subsonic minimum drag coefficient of 0.012 and a 
transonic rise in minimum drag coefficient of O.OI3. It was found that 
the complete-model drag coefficient was almost exactly the sum of the 
ret\arn configuration and the pod-alone drag coefficients - an outstanding 
result of the application of the area-rule principles. Comparison of the 
drag coefficients at model trim lift from a l/15-scale free-flight model 
anH the present data indicated excellent agreement. The maximum lift- 
drag ratio at a Mach mmiber of 0. 80 was 11 for the return configuration 
and 10.3 for the complete model. In the low supersonic range, the maxi- 
mum lift-drag ratio was 7*1 for the return configuration and 6.1 for the 
complete model. 

The aerodynamic -center shift between the subsonic and the low super- 
sonic range was from 32.5 to 44.5 percent of the mean aerodynamic chord 



• • ••• 

NACA RM SL56J22 • • •• 


11 


W 



• • 

• • 
• • 
• • 


for the complete model and from 35 *5 to percent of the mean aero- 

dynamic chord for the retvirn configuration. 
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TABLE I.- PHTSICAL CHARACTERISTICS OF I/15-SCALE CONVAIR B-58 MODEL 


Fuselage: 

Length, in 69.95 

Overall length from nose to tip of vertical tail, in 75*93 


Nacelles : 

Length, In. 

lolet diameter, in. 

TotELl Inlet area, sqin 

Net inlet area, sq in. • . • . 

Fxit diameter, in 

Exit area, sqin 

Location of inboard nacelle Inclined -2® to wing- chord plane 

Location of outboard nacelle inclined -4° to wing- chord plane . . . . 
Spike diameter at inlet, in 


Wing: 

Span, in 45.49 

Hoot chord, in • • . . 43* 4l 

Mean aerodynamic chord, in 28.94 

Area, sq ft 6.86 

Airfoil section NACA 0004.08-65 

Leading- edge sweep, deg 60 

Trailing-edge sweep, deg -10 

Dihedral, deg ..... 0 

Incidence, deg 5 

Aspect ratio 2.10 

Taper ratio 0 

Pod: 

Length, in 44. 60 

Maximum diameter of body of revolution, in 4.00 

Pod wing: 

Span, in. 13*70 

Area, sq ft. 0.62 

Airfoil section NACA 0004.5-64 

Pod canard: 

Span, in 7.86 

Area, sq ft * 0.20 

Airfoil section NACA 0004.5-64 


Pod ventral fin: 

Span, In. 

Area, sq ft ..... 

Aspect ratio 

Taper ratio 

Leading-edge sweep, deg 
Airfoil section ... 

Vertical tail: 

Area, sq ft 

Span, in 

Aspect ratio ..... 

Taper ratio 

Leading-edge sweep, deg 
Airfoil section . . . , 


0.71 

11.60 

1.32 

0.32 

52 

NACA 0005-6J4^ 


4.1 

0.15 

1-75 

0.35 

60 

NACA 0003-64 


19.33 

1.80 

2.54 

1.92 

1.69 

2.24 

0.43b/2 

0.76b/2 

0.34 
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Nacelle geometry 

Nacelle internal 
geometry 

Station, 

in. 

Radius A, 
in. 

In. 

Radius D, 
in. 


Radius R, 
in. 

0.124 

0.997 

0.997 


0.124 

0.997 

.154 

1.007 

1.007 

0.800 
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Figure 4 .- Nacelle external and internal geometiy 
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Figure 5-- Nacelle spike geometry 
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Figure 9-- Aerodynamic characteristics of the return configuration of the Convair B-58 airplane 
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Figure 10.- Nondimens ional area distributions for l/l5-sc£ 

Convair MX-I964 airplanes 
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Figlire 12 .- Comparison of free-flight data of reference 6 and the wind-timnel data on a l/l 5 -scale 
model of the Convair B-58 airplane at model trim lift. Complete model. 
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ABSTRACT 


An investigation of a l/l5-scale model of the Convair B -58 airplane 
weapons system has been conducted in the Langley l 6 -foot transonic tunnel. 

The results indicate that the con 5 >lete model (airplane plias missile) 
drag coefficient was almost exactly the simi of the return configuration 
(airplane only) drag coefficient and the pod-alone drag coefficient - an 
outstanding result of the application of the area-rule principles. 



